A Scanning Multichannel Microwave Radiometer for
Nimbus-G and Seasat-A

Gloersen, P. and F. T. Barath

Abstract

A scanning multichannel microwave radiometer (SMMR) has been designed for the
Nimbus-G spacecraft and incorporated also into the SeaSat-A payload for the primary
purpose of determining sea surface temperatures and wind stress on a nearly all-weather
basis. Observations of microwave polarization components will be made at wavelengths
0f 0.8. 1.4, 1.7, 2.8, and 4.6 cm over a swath 822 km wide below the Nimbus-G and 595
km wide below the SeaSat-A spacecraft. The smallest spatial resolution cell is about 20
Pan at a wavelength of 0.8 cm, and proportionately larger at the other wavelengths. Using
algorithms based on a combination of experimental data and physical models for
converting the observed brightness temperatures, the indicated accuracies of the results
(excluding conditions of significant rainfall) are within 1 K for sea surface temperature
and 2 m/s for surface wind speeds, over a range from 0-50 m/s.
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under study at the present time using artificial data sets
obtained by calculating a set of brightness temperatures for
all ten SMMR channels from (1) and an appropriate set of the
five parameters.

For the purposes of an approximate illustration, a different
approximation technique will be discussed here which involves
looking at subsets of the ten brightness temperatures to be
obtained from SMMR.

Equations (2)-(4) indicate that the atmospheric opacity
is less than unity for the wavelengths of 2.8 and 4.6 ¢m for a
wide variety of atmospheric conditions. This, in turn, implies
that a Taylor expansion of (1) about the value of 7 = 0 can be
used in good approximation to provide a linear set of equations
‘which may be formally solved for the surface and atmospheric
parameters contained therein. We initially concentrate on
obtaining the ocean surface temperature and ocean surface
wind speed, treating the atmospheric opacity simply as a
correction factor, and utilize only three of the ten channels.
In this case, we use the following linearized form for (1) [26]:

Tpyj = tosy; T Siyts + Vv + Ty (7)
where

toij = €0if{(To — Tspi) + Tsp;

Sij = €0 + €:(To — Topy)

Vii= €ij(To — Tspi)

Ty = 2(1 — €l (To ~ Tepi) — 11 — (1 — €05)t2

i refers to wavelength, j refers to polarization, 7, = T, — Ty,
To is the a priori local surface temperature, and #4, to are
temperature differences between Tg and the temperature at
some points below the freezing level in the clouds, obtained
from a weighted averaging over the cloud layers. A fixed value
of 20 K for #; and #5 has been assumed here for the purposes
of illustration. The linear coefficients in (7) were obtained by
performing a first-order Taylor expansion of (1).
The vector form of (7) may be written as

Tg—tg=A+P (8)

where

P=(t;, U 74.6)

Using the value of 3 K for T,,; at all wavelengths, 271 K for
Ty, values of eg;; and €;; obtained from published values of
the complex index of refraction of 3.5-percent NaCl in water
[24] and values of €,;; extrapolated to a 50° viewing angle
from the curves of Fig. 5, the matrix 4 has the following
elements:

026 1.08 3824
A=| 053 040 249.7 |. 9)
0.13 132 9714

The formal solution of (8) is
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1, 0229 211 —0452
v = 1.870 -0.786 -0.534
Tag —0.0025 0.0008 0.0018
Ty6n
Ti6v |~ 1o (10)
Togm

In principle, (10) can be used with a measured set of bright-
ness temperatures from the 2.8- and 4.6-cm wavelength
channels of the SMMR to obtain values for the ocean surface
temperature, the 20-m ocean surface wind speed, and the
atmospheric opacities at the two wavelengths. It is emphasized
that the values in the matrices of (9) and (10) are based on
preliminary values of €,;; and are shown here only for illus-
trative purposes.

The noise amplification factors for the various parameters
are obtained by taking the root-mean-square average of the
elements in each row of the matrix A—1 in (10). Thus, for the
case illustrated here, the noise amplification factor for both
the surface temperature and the 20-m surface wind is about 2.
This implies that a noise figure of 0.2 K (obtainable by aver-
aging a ‘suitable number of resolution cells) for each of the
three SMMR channels under discussion leads to noise in the
determinations of ocean surface temperature and 20-m wind
speeds of 0.4 K and 0.4 m/s, respectively. Of course, it should
be understood that these error estimates apply only to the
instrument contribution to the total error; the fact that
linear regression fits have been made to nonlinear phenomena
will also contribute to the total error in the determinations.
This latter factor can be controlled by limiting the allowable
range of parameter values in a given data inversion. The
validity of these estimates also depends strongly on the cor-
rectness of the physical model used for the Ty variation with
windspeed.

If T, and v are assumed to be constant over the entire 4.6-cm
wavelength spatial resolution cell, the values obtained from
(10) could be used in (7) to solve for the atmospheric opacity
at each of the five wavelengths. The atmospheric parameters
of water vapor content, liquid water content, and rainfall rate
could be deduced from the values of the individual opacities
and their ratios. In addition, if the opacities are sufficiently
small at the shorter wavelengths, the 0.81- and 1.7-cm chan-
nels could be used as illustrated in (8) and (10) to obtain sea
surface temperature and 20-m wind speeds within a smaller
resolution cell (but at reduced sensitivities), i.e., within a
46-km cell rather than a 125-km cell. This and a number of
other alternative approaches will be evaluated further before
a final selection is made of the algorithms to be used for
routine processing of the SMMR data.

V. CONCLUSIONS

A multispectral passive microwave imager has been designed
and is under construction with sensitivities sufficient for
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accurate determinations of sea surface temperature, wind
speeds, atmospheric liquid water content, water vapor, and
rainfall rates over oceans. Based on demonstrated noise figures
of the radiometer components and @ priori knowledge of the
parameters at a given geographical location, it is estimated
that ocean surface temperature determinations might be made
with an accuracy of 1 K or less and wind speed determinations
within 2 m/s, with the precautionary that these estimates
assume that a good linear fit can be made to the dependence
of microwave brightness temperatures on these parameters.
This assumption may not be valid for the wind speed deter-
mination, as has been discussed in the text. The actual accura-
cies achievable will have to be determined by subsequent
experimentation on board both the spacecraft and aircraft
platforms. It should be emphasized that all of the coefficients
appearing in (7) are subject to change in the final algorithms.
They will be determined by regression analysis of observed
brightness temperatures and measured surface/atmosphere
parameters.

The development of algorithms for the SMMR is certainly
not complete at this point. Prior to the launch of Nimbus-G
and SeaSat-A, extensive additional experiments on board
aircraft along with in situ comparative measurements will be
carried out. It is anticipated that improved radiometers on
board the aircraft, better techniques for obtaining surface
wind speeds, and a broader statistical data base will all con-
tribute to a better definition of the constants involved in
the aforementioned linear regressions. Future work in this area
will be a cooperative effort of the members of the experiment
teams for both the Nimbus-G SMMR and the SeaSat-A SMMR.

The SMMR represents the first opportunity for obtaining
important oceanic parameters on a nearly all-weather basis
from spacecraft-borne remote sensors. The spatial resolution
available with the SMMR is not as good as would be desired
for some applications. However, the SMMR does provide an
important first step in the development of larger instruments
to be carried on future spacecraft, e.g., the shuttle, which can
carry larger microwave antennas. Such instruments are under
development at this time.

ACKNOWLEDGMENT

The authors wish to thank a number of their colleagues for
cooperative efforts which have provided much of the back-
ground information required for this paper. Particular notice
in this regard is due to A. T. C. Chang and T. T. Wilheit of the
NASA/Goddard Space Flight Center.

REFERENCES

{11 W. Nordberg, J. Conaway, and P. Thaddeus, “Microwave obser-
vation of sea state from aircraft,” Quart. J. Roy. Metreorol. Soc.,
vol. 95, pp. 408-413, 1969.

[2] J. P. Hollinger, “‘Passive microwave measurements of the sur-
face,” J. Geophys. Res., vol. 75, pp. 5200~5213, 1970.

[3] W. Nordberg, J. Conaway, D. B. Ross, and T. Wilheit, “Measure-
ments of microwave emission from a foam-covered, wind-driven
sea,” J. Atmos. Sci., vol. 28, pp. 429-435,1971.

[4] I.P. Hollinger, “Passive microwave measurements of sea surface
roughness,” IEEE Trans. Geosci. Electron., vol. GE-9, p. 169,
1971.

[5] W. J. Webster, T. T. Wilheit, D. B. Ross, and P. Gloersen,

(6]

(7]

(8]

(91

[10]

{11]

{12]

{14]

[15]

[16]

(17]

{18]

[19]

{20]

{21]

IEEE JOURNAL OF OCEANIC ENGINEERING, APRIL 1977

“Spectral characteristics of the microwave emission from a wind-
driven foam-covered sea,” J. Geophys. Res., vol. 81, pp. 3095~
3099, 1976.

T. T. Wilheit, M. G. Fowler, G. Stambach, and P. Gloersen,
“Microwave radiometric determination of atmospheric param-
eters during the Bering Sea experiment,” Proc. Symp. on the
Joint U.S.A./U.S.5.R. Bering Sea Experiment, pp. 15~42 (Gidro-
meteoizdat, Leningrad, 1975).

P. Gloersen, T. T. Wilheit, T. C. Chang, and W. Nordberg, “Mi-
crowave maps of the polar ice of the earth,” Bull. Am. Meteorol.
Soc., vol. 55, pp. 1442-1448, 1974.

W. J. Campbell, P. Gloersen, W. Nordberg, and T. T. Wilheit,
“Dynamics and morphology of Beaufort sea ice determined from
satellites, aircraft, and drifting stations,” COSPAR, Proc. Symp.
on Approaches to Earth Survey Problems Through Use of Space
Technology, P. Bock, ed. pp. 311-329 (Akademie-Verlag, Berlin,
1974).

P. Gloersen, and V. V. Salomonson, “Satellites—New global ob-
serving techniques for ice and snow,” J. Glaciology, vol. 15,
pp. 373-389, 1975.

W. J. Campbell, W. F. Weeks, R. O. Ramseier, and P. Gloersen,
“Geophysical studies of floating ice by remote sensing,” J. Gla-
ciology, vol. 15, pp. 305-327, 1975. .

W. J. Campbell, R. O. Ramseier, W. F. Weeks, and P. Gloersen,
“An integrated approach to the remote sensing of floating ice,”
Proc. Third Canadion Symp. on Remote Sensing, pp. 39-72,
Sept. 1975.

W. J. Campbell, P. Gloersen, W. J. Webster, T. T. Wilheit, and
R. O. Ramseier, “Beaufort sea ice zones as delineated by micro-
wave imagery,” J. Geophys. Res., vol. 81, pp. 1103-1110,
1976.

T. Schmugge, P. Gloersen, T. Wilheit, and F. Geiger, “Remote
sensing of soil moisture with microwave radiometers,” J. Geo-
phys. Res., vol. 79, pp. 317-323, 1974.

T. C. Chang, P. Gloersen, T. Schmugge, T. T. Wilheit, and H. J.
Zwally, “Microwave emission from snow and glacier ice,” J.
Glaciology, vol. 16, pp. 23-39, 1976.

T. Wilheit, “The electrically scanning microwave radiometer
(ESMR) experiment,” The Nimbus-5 User’s Guide, pp. 59~
1035, U.S. Govt. Printing Office 1972-735-963/259, 1972.

T. Wilheit, “The electrically scanning microwave radiometer
(ESMR) experiment,” The Nimbus-6 User’s Guide, pp. 87-
108, Goddard Space Flight Center, Greenbelt, MD 20771,
1975.

D. H. Staelin, F. T. Barath, J. C. Blinn 111, and E. J. Johnston,
“The Nimbus-E microwave spectrometer (NEMS) experiment,”
The Nimbus-5 User’s Guide, pp. 141-157, U.S. Govt. Printing
Office 1972-735-963/259, 1972.

D. H. Staelin, A. H. Barrett, P. W. Rosenkranz, R. T. Barath,
E. J. Johnson, J. W. Waters, A. Wouters, and W. B. Lenoir,
“The scanning microwave spectrometer (SCAMS) experiment,”
The Nimbus-6 User’s Guide, pp. 59~86, Goddard Space Flight
Center, Greenbelt, MD 20771, 1975.

N. E. Gaut, “Studies of atmospheric water vapor by means of
passive microwave techniques,” Tech. Report 467, M.LT. Res.
Lab. Electronics, Cambridge, MA 02139, 1968.

N. E. Gaut, and E. C. Reifenstein, III, “Interaction of micro-
wave energy with the atmosphere,” Paper No. 70-197 presented
at the ATAA Earth Resources Observations and Information Sys-
tems Conference, Annapoelis, MD, 1970.

T. T. Wilheit, J. S. Theon, W. E. Shenk, L. J. Allison, and E. B.
Rodgers, “Meteorological interpretations of the images from the
Nimbus-5 electrically scanned microwave radiometer,” J. Appl.
Mereorology, vol. 15, pp. 166-172, 1976.

T. T. Wilheit, M. S. V. Rao, T. C. Chang, E. B. Rodgers, J. S.
Theon, “A satellite technique for quantitatively mapping rainfall
rates over the oceans,” NASA Goddard Space Flight Center Re-
port X-911-75-72, Greenbelt, MD 20771, 1975.

A.T. C. Chang, private communication.

J. A. Lane, and J. A. Saxton, “Dielectric dispersion in pure polar
liquids at very high radio frequencies,” Proc. Roy. Soc. London,
vol. A213, pp. 400~408, 1952.

D. B. Ross, and V. J. Cardone, “Observations of oceanic white
caps and their relation to remote measurements of surface wind
speed,” J. Geophys. Res., vol. 79, pp. 444~-452,1974.

P. Gloersen, “Surface and atmosphere parameter maps from
earth-orbiting microwave radiometers,” Proc. of the XII IEEE
Int. Conf. on Communications, Philadelphia, PA, June 1976.




